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Ha ocHOBe ypaBHemia HIpejTHHrepa nojiyieHBi TOHH&ie BBipaaceHHa iijia SHeprim Hep&naTHBHCT- 
ckoh HacTHHti b jiOKajiBHOM BHeHiHeM nojie h noTeHHiiana BHeniHero nana KaK cpyHKiniOHajiOB 
HeoflHopoflHoii hjiothocth. Ha stoh ocHOBe noKa3aHO, hto npn paccMOTpeHun 6ojiee flByx HeB3aiiMO- 
fleiicTByioiEnix sjieicTpoHOB SHeprna TaKoii CHCTeM&i He mojkbt 6bitb cpyHKHHOHajiOM HeoflHopojTHoii 
hjiothocth. 3to 03HaiaeT, hto jieMMa Xo3H6epra-KoHa o tom, mto b ochobhom cocToaHHii irsyM 
pa3jiHHHbiM noTeHiniajiaM BHeniHero nojia He mojkbt cooTBeTCTBOBaTB Oflsa h Ta me HeoflHopoflHaa 
njiOTHOCTB, He MOJKeT cjiy>KHTB b o6meM cjiyiae o6ocHOBaHHeM cymecTBOBaHHa yHHBepcajiBHoro 
cpyHKiniOHajia hjiothocth. npn stom nojiojKeHHa Teopnn cbyHKHHOHajia hjiothocth ocTaiOTca 

B CHJie npH paCCMOTpeHHH npOH3BOJIBHOrO MHCJia HeB3aHMOJj;eHCTByiOIHHX 6030HOB B OCHOBHOM 

cocToaHHH H3-3a scpcpeKTa Bo3e-KOji;eHcaii,HH. 

PACS number(s): 71. 15. Mb, 05.30.Ch, 71.10.Ca, 52.25.Kn 



CorjiacHO jieMMe Xo3H6epra-Kona [1,2] b ochobhom coctohhhh HepejiHTHBHCTCKOii CHCTeMbi sjieicTpoHOB flByM pa3- 
jiHHHbiM jroKajrbHbiM noTeHHiiajiaM BHeniHero nana v%{y) h v-ziv) He mojkbt cooTBeTCTBOBaTB o/pa h Ta me Heofl- 
HopoflHaH njroTHOCTb n(r) (icpoMe cjiynas v\(r) — i>2(r) = const). TaKHM o6pa30M, HeoflHopoflHaa njiOTHOCTb n(r) 
HepejiHTHBHCTCKOii CHCTeMbi sjieKTpoHOB, HaxoflHiiieHCH b ochobhom coctohhhh, 0flH03HaHH0 onpeflejiaeT noTeHiniaji 
v(r) (c TOHHOCTbio a,n/niTHBHOH nocTOHHHOii). B cjiynae BbipojK^eHHH ocHOBHoro coctohhhh jreMMa othochtcji k 
njlOTHOCTH n(r) jiio6oro ocHOBHoro coctohhhh. B cootbctctbhh c jieMMOii Xo3H6cpra-KoHa npHHHTO cnHTaTb, hto 
noTCHiniaji BHeniHero nojia v(r) HBjiaeTCH cpyHKHHOHajiOM HeoflHopoflHoii hjiothocth, 

n(r) = n[u(r)] — > v(r) = u[n(r)] + const. (1) 

3to 03HanaeT, hto cymecTByeT yHHBepcajibHoe npaBHjio, no KOTopoMy noTeHiniaji BHeniHero nojia v(r) MO»ceT 6biTb 
HaiifleH no H3BecTHOH Heo/niopo/niOH hjiothocth n(r), OTBenaioiHeH ocHOBHOMy coctohhhio paccMaTpHBaeMoii chctc- 
Mbi. rio^i, 3thm no^pa3yMeBaeTca, hto b npirarnine cymecTByeT (xoth h He mojkbt 6biTb hbho HafifleHO hjih yKa3aHo) 
npaBHjio HaxojKfleHHH (pyHKinin v(r) no H3BecTHon cbyHKHHH n(r), CTpyKTypa KOToporo He 3aBHCHT ot HBHoro BH,na 
cpyHKiiHH v(r) h n(r). IIo/rTepKHeM, hto STOMy oneHb cnjibHOMy yTBepjKfleHHio pp HacTOHinero BpeMeHH He yuejis- 
eTca floCTaTOHHoro bhhmcIhiisi . Ilpn stom Mempy jieMMOii Xo3H6epra-KoHa h cooTHonieHHeM (1), CTporo roBopa, HeT 

B3aHMHO OflHOSHaHHOrO COOTBeTCTBHH (cM.HHJKe). 

Ecjih me npHHHTb cnpaBe^jiHBOCTb yTBepjKflCHHH (1), Torfla pnsi SHeprnn ocHOBHoro coctohhhh Eq chctcmm h3 N 
B3aHMO,n,eHCTByioni,Hx sjieKTpoHOB c raMHjibTOHHaHOM H bo BHenmeM nojie c noTeHn;HajiOM v(r). KOTopoe xapaKTepn- 
3yeTca bojihoboh cbyHKi^neii ^o, mojkho 3anncaTb 

E = (* |ff|*o> = E (N, [*o,«(r)]) = E [n(r),v(r)], N = J n(r)d 3 r. (2) 

3,n;ecb ynTeHO, hto (^ol^o) =1h ^ot^C 1 ")] = ^obfr) + const]. B cboio onepeflb, H3 (2) HenocpeflCTBeHHO cjie^yeT, hto 
BejnrqHHa i^[n(r)] = (^0!^+ ^1^0)1 KOTopaa onpeflejiaeT SHeprnio ochobhoto coctohhhh chctcmbi 



E [n(r),v{r)} = F[n(r)} + J v(r)n(r)d 3 r, (3) 

HBjiaeTCH cbyHKn,HOHajiOM tojibko hjiothocth n(r) (yHHBepcajibHbiH cbyHKn;HOHaji hjiothocth). 3,neci> onepaTopw T h U 
- cooTBeTCTBeHHO onepaTopbi KHHeTHnecKoii SHeprnn h SHeprnn Me>KHacTHHHoro B3aHMO,n;eHCTBHH. YTBcpjKfleHHe (3) 

HBJIHeTCH OCHOBOH TeOpHH CpyHKiniOHajia njlOTHOCTH (DFT), HIHpOKO npHMCHaeMOH B pa3JIHHHI>IX 06jiaCTSX CDH3HKH 



2 



h xhmhii (cm., HanpHMep, [3,4]). O^HaKO, pp HacTOHinero bpgmghii tohhmh bh,h, SToro yHHBepcajibHoro <pyHKHHOHajia 
He H3BecTeH ^aace ^jih HeBsaHMO^eHCTByioiHHx MejK/ry co6oii sjieKTpoHOB (U = 0). B cbsbii c sthm paccMOTpiiM 
o/hih HepejiaTHBHCTCKHit ajieKTpoH Maccw to b CTaTHHecKOM BHenmeM nojie v(r). Toiyja CTaniiOHapHoe coctohhhc 
sjieKTpoHa, KOTopoe xapaKTeproyeTCH HeKOTopbiM na6opoM KBaHTOBtix hhccji a, BKjnonaioiHeM cnnHOBoe KBaHTOBoe 
hhcjio <t, nojiHOCTBK) onpeflejiaeTCH bojihoboh cpyHKinieii <J> Q (r), KOTopaa yflOBjieTBopaeT ypaBHeHHio HIpe/niHrepa 



|-^-A r + w(r)| $ a (r) = e Q *a(r), 



(4) 



r^e e Q - 3HepriiH sjieKTpoHa b cooTBeTCTByiomeM coctohhhh. TaK KaK snepmsi sjieKTpoHa He 3aBHCHT ot cnHHa, to 
KajK^oe 3HaneHHe e a ^ByKpaTHO BbipojK/iSHO no cnnHOBOMy KBaHTOBOMy nncjiy, TaKsce KaK h flpyrne 3HaneHHH cpn- 

3HHCCKHX BejIHHHH, B TOM HHCJie HeOflHOpO^HaH njIOTHOCTb U a (r) . YpaBHeHHe (4) Ha C06cTBeHHbie 3HaHCHHH npHHHTO 

pemaTb npn BbinojiHeHHH rpaHHHHoro ycjiOBHH $ a (|r| — > oo) = (TaK Ha3biBaeMoe ycjiOBne Ha 6ecKOHeHHOCTH [5]). 
C y^ieTOM bo3mo>khocth paccMOTpemui CHCTeMbi b KOHeHHOM oGteMe V rpaHHHHoe ycjiOBne fljia ypaBHeHHH (4) b 
Han6ojiee o6meM BH^e 3anHCbiBaeTCH KaK 

$ Q (r S) = 0, (5) 

r^e 5* - noBepxHOCTb, orpamraHBaiomas o6T>eM V. Yhtcm ,n,ajiee, hto BOjiHOBaa cpyHKiniH <& a (r) mojkct 6mtb pac- 
CMOTpeHa KaK fleftcTBHTejibHaH cpyHKiniH [5] . Tor,n;a 

n Q (r) = |4> Q (r)| 2 = $2 (r)7 (6) 



V r n Q (r) = 2$ Q (r)V r $ a (r), . A r n Q (r) = 2$ Q (r)A r $ Q (r) + 2(V r $ Q (r))(V r $ Q (r)). (7) 

143 (4)- (7) Henocpe^CTBeHHO cjieflyeT, hto HeoflHopoflHaa njiOTHOCTt n a (r) yflOBjieTBopaeT ypaBHeHHio Ha co6cTBeHHMC 
3HaneHHH 

h 2 h 2 

~ 4m Ap " a ^ + 877777 a (r) ( V m a {r))(\7 r n a {r)) + u(r)n Q (r) = e a n a (r) (8) 

C rpaHHHHblMH yCJIOBHHMH 

n Q (r^S) = 0, V r 77 Q (r)| r ^ s =0. (9) 

ITpoHHTerpHpyeM Tenept ypaBHeHne (8) no oSteMy, 3aHHMaeMOMy CHcreMOH. Yhtcm npn stom ycjiOBne hopmhpobkh, 
KOTopoe HenocpeflCTBeHHO cjie^yeT H3 (6), 

J n a (r)dV = 1 (10) 
Toiyja H3 (8) naxoflHM (pymaniOHaji hjiothocth pjisi aHeprnn e a 

e a [n a (r),v(r )}=F^[n a (r)} + J v(r)n a (r)dV, (11) 
F«[n a (r)]=^K(r)]+F«[n a (r)], (12) 

^Wl-^/^CW 'g'M-^/ ^yW . (is, 
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3flecb F^[n a (r)} — yHHBepcajibHbift (byHKHHOHaji njiOTHOCTH F[n(r)} (3) /ijih o/thoh HacTHHbi (nH/i,eKC (1)). IIpe,zi- 
CTaBjieHiie cpyHKiniOHajia F^[n a (r)] b BH^e flByx cjiaraeMbix b (12) o6ycjiOBjieHO flByMH npiiHimaMH . Bo-nepBbix, c 

yneTOM (popMyjibi Faycca h BToporo rpamiHHoro ycjiOBHH b (9) cbyHKiniOHaji Fq 1 ^ [n a (r)j o6pam,aeTca b Hyjib, 

F (1) [n a (r)] = -— / A r n a {r)dV = -— f V r n a {r)dS = 0. (14) 

Bo-BToptix, hbhmh Bifl (pyHKiniOHajia F^)[n a (r)] (13) <popMajit>HO b tohhocth coBna/iaeT c TaK Ha3MBaeMoii the 
Weizsaker correction to the Thomas- Fermi kinetic energy functional [6] (cM.no/rpo6Hee [3,4]). TaKHM o6pa30M, yHH- 

BepcajibHbifl cpyHKiniOHaji njiOTHOCTH Fq 1 ^ [n a (r)] b paccMaTpHBaeMOM cjiynae cymecTByeT (KaK ocHOBHoro, TaK 
h B036yjK,neHHbix coctohhhh), Haxo/rHTCH tohho h paBeH 

FW[n a (r)]=F$[n a (T)] (15) 
HeTpyznro y6e/i,HTbCH npHMbiM BbinncjieHneM (cm., HanpnMep, [4]), hto 

SF^hn (rM fr 2 H 2 

TaKHM o6pa30M, ypaBHenne (8) Ha co6cTBeHHt>ie 3HaneHHH SHeprnn e^ 1 ) o,h,hoh HacrHHbi bo BnenmeM nojie v(r) c 
rpaHHHHbiMH ycjiOBHHMH (9) HBjiHeTCH cjieflCTBHeM Bapnarj;HOHHoro ypaBHeHna /yis aHeprnn e^^n^^r), v(r)] k&k 
cpyHKirnoHajia Heo/nropo/nTOH hjiothocth n^(r) o/nroii HacTHHbi b 3a/iaHH0M BHeniHeM nojie v(r), 

Se^[n^(r)} =0 (17) 
^eiicTBHTejibHO, Hcnojir>3ya ycjiOBne hopmhpobkh (10) h npeo6pa30BaHiie JleacaH/rpa, H3 (17) HaxoflHM 

— - — — — = const. (18) 
Sn a (r) 

JJjia onpeflejieHna hoctohhhoh b ypaBHeHHH (18) y^TeM, ^ito corjiacHO (11)-(16) 

1 n +v(r) = const = e^. (19) 

dn a (r) 

TaKHM o6pa30M, BapnairHOHHoe ypaBHeHne (17) SKBHBajieHTHO (8) nojiHOCTbio aHajiornnHO cooTBeTCTByioiiieMy 
ypaBHeHHio fljia aHeprnn chctcmbi HacTHii KaK cbyHKnHOHajra bojihoboh cpyHKiniH b KBaHTOBOH MexaHHKe (cm., Ha- 
npnMep, [5]). C yneTOM (16), (19) Haxo/niM noTeHnnajr BHeniHero nojia KaK cpyHKHHOHaji hjiothocth, onpeflejieHHbiii 

C TOHHOCTBK) flO nOCTOHHHOH BejIHHHHbl, 

SF^lnJr)} H 2 H 2 .„ , , . . 

,(r) + const = = ^^^(r) - ( V r n a ( r))( V r n a ( r)) . (20) 

YnHTbiBaa, hto ^,OKa3aTejibCTB0 jicmmm Xo3H6epra-KoHa, KaK h yTBepjKfleHHH (1) h (3) hhkohm o6pa30M He 3a- 
bhcht ot KOHKpeTHoro 3HaHeHHH HHCJia HacTHH, TV b paccMaTpHBaeMofi CHCTeMe, B03HHKaeT ecTecTBeHHoe jKejiaHne 
paenpocTpaHHTb nojiynenHbie pe3yjibTaTbi Ha cnynaH npoH3BOjibHoro nnejia HeB3aHMOfleHCTByK)in,Hx 3 JieKTpoHOB . ^jia 
SToro, Ka3ajiocb 6bi, ,a,ocTaTOHHO ocymecTBHTb cjie/ryioiiiyio 3aMeHy: 

n Q (r)->n(r), e (1) -> E , (21) 



BMecTO ycjiOBHa HopMHpoBKH (10) Hcnojib30BaTb cooTBeTCTByiornee ycjiOBne b (2), a TaKsce npHHSTb b cootb6tctbhh 
c (3),(11)-(13), hto BejiHHHHa (^ol^l^o) P^si chctcmbi hbckojibkhx HeB3aHMOfleHCTByK)inHx nacTHn, paBHa 
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(* o m*o> = F(0)[n(r)] = -f / A r „(r)dV + £ / ^(y)) ^ 

4to 7 OTi 7 n ( r ) 

HT06bI BblHCHHTb, CnpaBeflJIHBbI JIH COOTHOineHHH (21), (22), paCCMOTpHM CIICTCMy H3 iV HeB3aHMO,U;eHCTByiOLLI,HX 

sjieKTpoHOB bo BHeniHeM nojie v(r). JIjisi yneTa TO>K,n,ecTBeHHOCTH sjieKTpoHOB Taxoe paccMOTpeHne Haii6ojiee yn,o6HO 
npoBOflHTb b (popMajiH3Me BTopiiHHoro KBaHTOBaHHa (cm. nojipo6Hee [4,5]).. Tor,a,a nporaBOjibHoe cocToaHne chctcmbi 
H3 N HeB3aHMO,n,eHCTBy:EOin;Hx TOJKflecTBeHHbix sjieKTpoHOB xapaKTepH3yeTca HaGopoM TaK Ha3biBaeMbix «3aHHTbix» 
o,n,HOHacTHHHbix coctohhhh an, . . . , (cm.(4)), npnneM b CHjiy npHHinina IlayjiH 

on ^ ctj npH i ± j. (23) 
Toiyia SHeprHH h HeoflHopo^Haa: njiOTHOCTb n(°)(r) b cooTBeTCTByionieM coctohhhh paBHbi [4,5] 

S(°)(ai,...,a JV )=5^e ai) n (0) (r,ai, . . . ,a N ) = ^^(r). (24) 

OCi Oti 

Ilpn 3tom e Qi = e Q Jn Q (r),w(r)] (cm.(11)-(13)) h S a4 l = iV. Toiyia H3 (23), (24) HenocpeflCTBeHHO cjiejjyeT, hto 
SHeprna i?( ) CHCTeMbi 113 N(N > 3) HeB3aHMOjj,eHCTByioin,iix tojk^cctbghhbix sjieicrpoHOB, b tom HHCjie SHeprna 
-Eq ^ ocHOBHoro coctohhhh, He mcgkbt hbjihti>ch <pyHKii,HOHajiOM hjiothocth r?/ ) (r) b 3a,a,aHHOM BHeniHeM nojie H3-3a 
HejiHHenHOCTH cpyHKiniOHajia [n ai (r)] (13). CHeBHiiHO, aHajiorHHHoe yTBepjKjreHHe HMeeT MecTO h b OTHOineHHH 
yHHBepcajibHoro cpyHKiniOHajia (^ r o|T'| 1 S r o)- 3™ hbjihctcji cjie/iCTBHeM toto, hto noTeHiniaji BHeniHero nojra v(r) npn 
N > 3 He mcgkbt 6biTb npeflCTaBjieH KaK qSyHKiniOHaji hjiothocth n(r) (cm. (20)). 

Ilpn 3tom b cjiynae flByx HeBsaHMOfleHCTByioiinix sjieKTpoHOB, Haxo^HinirxcH b ochobhom coctohhhh, hojiojkchhh 
TeopHH cpyHKH^HOHajia hjiothocth ocTaiOTca b cnjie 6jiarojiapji jTByicpaTHOMy BbipojKjxeHHio no cnnHOBOMy KBaHTOBOMy 
HHCjiy (n(r) = 2n^ (r)). Otmcthm Taitsce, hto sth pe3yjibTaTbi HenocpeflCTBeHHO CBiraaHBi c npHHininoM IlayjiH, koto- 
ptiii HMeeT OTHonieHne TOjibKO k (pepMHOHaM. B cjiynae 6030HOB, KOTopwe b ochobhom coctohhhh «HaKanjiHBaiOTca» 
Ha OJXHOM HH3HieM SHepreTHnecKOM ypoBHe (Bo3e-KOHfleHcain«i) , nojiojKeHHa TeopHH cpyHKiniOHajia hjiothocth co- 
xparanoTCH npn npoH3BOjn>HOM nncjie HeB3aHMO^,eitcTByion;Hx 6030HOB. B pe3yjibTaTe, mm npHxojriiM k BbiBOfly, hto 
jieMMa Xo3H6epra-KoHa [1,2], CTporo roBopa, He MOJKeT cjiyjKHTb o6ocHOBaHHeM cymecTBOBaHHH yHHBepcajibHoro 
(pyHKH,HOHajia hjiothocth b o6rneM cjiynae. 
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